Abstract. The objective of this study is the implementation of a method combining extraction chromatography and liquid scintillation counting (LSC) technique to the determination of 90 Sr in milk samples. The strontium separation is performed using the commercially available Sr-resin (Eichrom) and the beta counting is carried out using a liquid scintillation detector system (Tri-Carb 3170 TR/SL, Packard). Firstly, the trials are performed with 300 mL of milk and 0.7 g of resin. Validation trials are carried out using spiked milk samples with different 90 Sr activities and the accuracy of the methodology is also been tested with an IAEA 152 reference milk sample. The results obtained had shown good accuracy of expected value. The minimum detectable activity (MDA) obtained for a confidence level of 95% and 60 minutes of sample counting time was 0.20 Bq L −1 . In order to improve the detection limits for 90 Sr, 1 liter of milk and 3 g of resin were used and the MDA value in these conditions was improved to 0.012 Bq L −1 . The method was applied to the determination of the 90 Sr concentrations in milk samples from different regions of Portugal.
INTRODUCTION

Strontium-90 (
90 Sr) a pure emitter, generated in nuclear fission process ( 235 U and 239 Pu fission reaction) was widely spread to the environment from atmospheric nuclear tests, nuclear waste discharges and from NPP accidents as Chernobyl accident. During fallout 90 Sr could be deposited directly on plants or transferred from soil to plants and indirectly to animals. It could be intake by man, through food chain, mainly through milk ingestion.
Since the nuclear weapons testing (years sixties) the 90 Sr levels in the environment have decrease and consequently, the 90 Sr concentrations in foodstuff have diminished considerably. Nowadays, the activity levels in milk samples are low and to reach these levels, larger volume of sample (>1 L) or larger counting times are required. A variety of radioanalytical procedures of 90 Sr determination in milk is available [1] . This kind of analysis is difficult due to the significant quantities of proteins, fats and calcium present in the samples. The calcium is difficult to remove selectively due its similar chemical behavior with strontium and can cause interferences on strontium recovery [2] . Elements, such as 40 K, 137 Cs or 140 Ba could interfere during the detection of strontium on beta counters, if they are extracted together with strontium. In order to minimize this interference an essential step is the separation and purification of this element from other beta emitters present in the sample, such as radionuclides from the thorium and uranium natural series and anthropogenic radionuclides ( 137 Cs, 144 Ce, 99 Tc, 125 I) [3] . The classical way of 90 Sr determination is based on the greater solubility of calcium nitrate in fuming nitric acid. This method has the disadvantage of handling large amounts of nitric acid for repeated precipitations [4] . Nowadays, this method tends to be replaced by safer and less elaborate procedures. The Sr-resin (Eichrom) was developed [5] and it has been successful applied for strontium analysis. The success of this resin is because the crown ethers have the ability to form strong complexes with alkali and alkaline earths elements. Dicyclohexano-18-crown-6 and its derivatives provide a very selective complexed environment for Sr ions. For that reason, strontium produces very strong bonds on the chromatographic column filled with the Sr-resin, which enables a rapid and simple separation of strontium from calcium, potassium and many other elements. The procedures using this resin are usually easier, which reflected in shorter analysis time and higher recoveries [6] , however, an appropriate selection of column load (mass resin, bed length) and working conditions should be performed [7] .
Environmental radioactivity survey has been undertaken by the Radiological Protection and Safety Unit (UPSR) of the Nuclear and Technological Institute (ITN) to investigate the radionuclide concentrations in various food chain components [8] . The implementation of a method combining extraction chromatography and liquid scintillation counting (LSC) technique, for the determination of 90 Sr in milk samples, is the aim of this work.
MATERIALS AND METHODS
The milk samples are evaporated, dried at 100
• C and burned gradually until 600
• C in a muffle furnace to removal of the proteins and fats. The complete decomposition of organic materials is essential (the color of the residue should become white). To each sample, stable strontium carrier solution (20 mg L Cs). The pH of the solution is adjusted to 4, with ammonium solution (25%) and the oxalate precipitate is filtered through a 0.45 m ash filter and incinerated at 800
• C. Afterwards, the residue is dissolved with HNO 3 6M and the pH adjusted to 10. A precipitation is carried out with ammonium carbonate saturated solution and the resulting mixture is heated to coagulate the precipitate and to remove the excess of ammonium in solution. The residue is centrifuged, washed with distilled water and dissolved with 10 ml of 8M HNO 3 .
Then, the sample is passed through polypropylene pre-packed columns of 2 ml (0.8 cm inner diameter), filled with 0.7 g Sr-resin (Eichrom) (particle size 100-150 m) pre-conditioned with 8M HNO 3 . The columns are rinsed with 10 ml of 3M HNO 3 (to remove the elements not retained on the column). In order to avoid the quenching effects with liquid scintillation cocktail, the remaining acid is removed by rinsing the column with 1.5 ml of distilled water. The strontium retained in the column is stripped with 8 ml of distilled water to a glass scintillation vial (gravity provided sufficient regulation of the flow rate). As reported in literature [2] it was verified that columns could be used at least 3-4 times.
Afterwards, the strontium solution eluted is mixed with 12 ml of cocktail (Ultima Gold LLT, Packard) and measured by LSC technique, using a low background liquid scintillation counter (TriCarb model 3170 TR/ SL, Packard). The counting efficiency was estimated with standards of 90 Sr, prepared at different activities (1-20 Bq) from certified 90 Sr reference solution (Amersham). The 85 Sr used as tracer is measured, after the elution procedure, in the channel region of 0-10 keV. The 90 Sr beta activity is determined in the channel region 250-800 keV, through 90 Y ingrowths (after 21 days, the radioactive equilibrium between 90 Sr and 90 Y, is partly reached). The background was prepared using 8 ml of 0.05M HNO 3 mixed with 12 ml of cocktail (Ultima Gold LLT, Packard) measured in the same conditions as the samples, for 60 minutes.
RESULTS
Validation trials
Validation trials were performed with 90 Sr spiked milk samples. The chemical yield of the samples processed according to the experimental conditions described above, was determined using 85 Sr as tracer ( Table 1 ). The mean value obtained (67.4 ± 10.7%; n = 9) is comparable with the value of 62 ± 11% referred in the literature [4] . Other authors [9] consider that a chemical yield of about 60% is acceptable.
The results of 90 Sr spiked milk samples analyses show good accuracy of expected values ( Table 1 ). The mean recovery (114.6 ± 3.7%; n = 6) was obtained with a precision of 3.2%. The methodology accuracy was also tested using a reference milk sample (IAEA-152). The reference and the measured (duplicate samples) concentration values of 90 Sr are presented in Table 2 . The Z-score values obtained, 1.47 and 1.38 for sample 1 and 2 respectively, are in good agreement and within the value considered acceptable (Z-score <3) by other authors [10] . 
Analyses of milk samples
For a set of milk samples analyzed following this experimental protocol it was observed that the values obtained were below the minimum detectable activity (MDA). The MDA value calculated [11] for a confidence level of 95%, using 2.5 g milk ash and 60 minutes of counting time was 0.220 Bq L −1 . Therefore, in order to be able to quantify the activity of 90 Sr in milk it was necessary to decrease the MDA level.
Taking into account this aim, the technique was improved [12] using large quantities of sample (7 g of milk ash which corresponds to approximately 1 liter of milk) and Sr-resin (3 g). In this case the MDA value decreased to 0.050 Bq L −1 . Increasing the background counting time to 1220 minutes a MDA value of 0.012 Bq L −1 was achieved. Following these experimental conditions, some milk samples were analyzed. The results obtained are presented in Table 3 . The 90 Sr activities vary from values lower than 0.012 to 0.048 ± 0.016 Bq L −1 . These values are of the same order of magnitude of those obtained using the fuming nitric acid method [13] . In general, the results obtained are similar with those reported to other countries. For instance, values ranging from 0.006 to 0.060 Bq L −1 and from 0.026 to 0.047 BqL −1 were reported to milk samples collected in Spain [14] and Finland [15] respectively. 
CONCLUSIONS
This method is safer and less time-consuming when compared to the classical method using fuming nitric acid. The methodology accuracy was proved with validation tests performed with 90 Sr spiked samples and reference material.
The values of MDA achieved (0.012 Bq L −1 ) with the improvements introduced in the method, allows to quantify the levels of 90 Sr in the majority of the milk samples analyzed. These findings allow concluding that this methodology could be well applied to the determination of 90 Sr in milk samples within the environmental radioactivity survey programmes.
